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Introduction
Osteoporosis, a chronic disease that affects an estimated 200 million people worldwide [1] , can result in low bone mass and the structural deterioration of bone, ultimately leading to fragility fractures [1, 2] . Postmenopausal women are among those at greatest risk of osteoporosis. Osteoporosis is associated with decreased quality of life [3] . It has been previously shown that postmenopausal and male osteoporotics have poorer health than counterparts with normal BMD, even after adjustment for co-morbidity and prior fracture [4] . Osteoporosisrelated fractures are subsequently associated with increased morbidity and mortality, reduced quality of life, and increased use of health care [1] .
Decreased bone mass, and associated loss of bone strength, are the main reasons for osteoporosis-related fracture, but another main cause of this kind of fracture is a fall [5] [6] [7] . Postural stability and balance decrease with age [8] . Loss of balance and increased body sway are important risk factors for falls in postmenopausal women. The age-associated increase in the incidence of osteoporotic fractures results from a combination of increased fall risk and reduced bone strength. Although various factors are associated with falls, impaired balance and mobility have been consistently identified as the main risk factors [8] . Fall prevention should be routine in the management of postmenopausal women.
The major treatment goal for patients with osteoporosis is to prevent fractures by maintaining or increasing BMD, reducing excessive bone turnover [2] and reducing falls. A number of classes of osteoporosis medication i.e. bisphosphonates (BP), denosumab and selective oestrogen receptor modulators (SORM), have been demonstrated to be effective in reducing the risk of fragility fractures and chronic disability in postmenopausal women [2] . Despite the need for longterm therapy, adherence to osteoporosis medications is not optimal. Roughly three quarters of the women who initiate pharmacological therapy for osteoporosis are no longer adhering to treatment, and approximately 50% have discontinued treatment, after 12 months [9] .
Bisphosphonates, a mainstay among the various classes of antiosteoporotic drug, have been shown to increase BMD and to reduce the risk for osteoporotic fractures in numerous clinical trials [4, 10, 11] . Oral bisphosphonates is the first-line treatment for postmenopausal osteoporosis (PMO), but they are poorly absorbed (less than 1%) and may be associated with oesophageal irritation/gastrointestinal (GI) symptoms when used in clinical practice [12] [13] [14] . A once-yearly intravenous infusion of zoledronic acid (ZOL) 5mg, the most potent bisphosphonate available, is particularly useful in patients with GI intolerance or GI contraindications to oral bisphosphonates, malabsorption of oral bisphosphonates, and history of poor response to oral therapy [11, 15] . And it has been proved to reduce the risk of vertebral, hip, and other nonvertebral fractures [12, 16, 17] . Idem intervals and 100% bioavailability with i.v. bisphosphonate therapy address some of the limitations associated with oral bisphosphonates [15] .
The purpose of the present study was to assess the real-life effectiveness of zoledronic acid in the management of patients with postmenopausal osteoporosis over a two year treatment period. We demonstrated the non-inferiority of i.v. ZOL 5 mg in increasing BMD and improving HRQL in those patients.
Material and methods

Study design
This was a self-controlled, prospective cohort study of Chinese postmenopausal women being prescribed with ZOL for the management of their osteoporosis. Patients were treated and followed for two years with quarterly telephone interviews and clinic visits at months 12 and 24. Patients received a once-yearly i.v. dose of zoledronic acid (Aclasta®; Novartis Pharmaceuticals) at baseline and month 12. Following the baseline visit, during which demographics and baseline parameters were collected, patients were managed as per usual routine care at home. BMD, SF-36 and Fall Index were measured at baseline, month 12 and month 24 (before each use of ZOL). Blood and urine samples were also obtained at baseline, month 12 and month 24 (just before each use of ZOL) for the examination of safety variables. BMD examined by DXA, HRQL assessed by SF-36, and FI derived from balance testing by Sunlight Tetrax balance test system were the outcome measures.
Patients
Postmenopausal women between the ages of 50 and 80 were eligible for inclusion if they had a BMD T-score of −2.5 or less at the femoral neck, total hip or spine (L1-L4) within one month prior to screening, with or without evidence of existing fracture.
Exclusion criteria included: -active cancer, other metabolic bone disease, secondary causes of osteoporosis; -prior therapy with bisphosphonates, parathyroid hormone, strontium ranelate, raloxifene, calcitonin, high-dose corticosteroids or hormone replacement within six months prior to baseline; -concomitant illness that would substantially influence their HRQL; -calculated creatinine clearance less than 30 ml/min, or urine dipstick more than 2+ protein without evidence of contamination or bacteriuria;
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-serum calcium greater than 2.75 mmol/L (11.0 mg/dL) or less than 2.00 mmol/L (8.0 mg/dL); -active cerebrovascular disease, obvious tremor symptoms, severe visual impairment, severe muscle and nerve lesions, bone and joint deformities, and other states affecting static standing alone. All subjects received oral daily elemental calcium (1,000 to 1,500 mg) and vitamin D (800 to 1,200 IU). Those who met the study criteria were informed of the nature of the study, and each subject's written informed consent was obtained.
Outcome measures
BMD (bone mineral density)
Dual energy X-ray absorptiometry (DXA) scans of the lumbar spine (L1-L4) and the left hip were performed at baseline and months 12 and 24 using GE-Lunar (iDXA, GE, USA). Besides the total hip, BMD of the femoral neck and trochanter were also measured. The primary outcome measure of the study was the percent change in BMD before and after the use of ZOL.
HRQL: SF-36
HRQL (health-related quality of life) was assessed using the SF-36 questionnaire at baseline and months 12 and 24. This questionnaire assesses eight domains: PF (physical function), RP (role-physical), BP (bodily pain), GH (general health), VT (vitality), SF (social function), RE (role-emotional), MH (mental health), and two summary scores: PCS (physical component summary) and MCS (mental component summary) [18] . PCS is the average of the first four domains, and MCS is the average of the last four domains. Each domain is scored and interpreted separately, rather than obtaining a total score, so each question was analysed individually and grouped according to the domains that they represent. All domain scores range from 0 to 100, with higher scores indicating better HRQL [18] .
FI (Fall Index)
Fall Index (FI) was measured by the tetra-ataxiometric posturography system Tetrax® (Sunlight Medical Ltd., Ramat Gan, Israel). Tetrax balance diagnosis is based on the measurement of vertical pressure fluctuations, which is measured in the four independent power boards. The four measuring points represent forefeet and heels of two feet respectively. Some studies [19] [20] [21] It is based on the patient's body shaking frequency and amplitude, as well as movement of the centre of gravity to assess the patient's balance control ability, and then integrating the balance indicators to predict the risk of falls. Fall Index reflects the risk of falls, ranging from 0 to 100, with a higher FI indicating a higher fall risk. FI is divided into three levels: 0-36 meaning low risk of falls, 36-58 meaning medium risk, and 58-100 meaning high risk.
Safety variables
All AEs and serious AEs (SAEs) were recorded for safety assessment. This also included physical examination, regular measurement of vital signs, haematology, blood chemistry, urinalysis, assessments of renal abnormalities (pre-and postdose administration), postdose symptoms (fever, headache, myalgia, arthralgia), and cardiovascular and gastrointestinal events.
Statistical analysis
Data was entered into the Microsoft Office Excel 2007 program. Statistical analyses were performed using SPSS for Windows (version 17.0). Data was presented by descriptive analysis with means ± standard deviations. The percentage change in BMD and FI was defined as (1-year score-baseline score) / (baseline score) × 100%. ANOVA and LSD multiple comparison was used for statistical comparison of BMD, SF-36 domain scores and FI. A P-value of < 0.05 was required for statistical significance.
Results
Patients and characteristics
A total of 246 patients diagnosed with osteoporosis agreed to participate in the study; 26 were excluded by the exclusion criteria. Baseline characteristics are shown in Table I . Of the 220 women at baseline, 213 (97.7%) came back for review one year later, and 203 (92.3%) finished the total two-year follow-up. The return rate of patients was high, with some expected shedding during the study as a consequence of the length of follow-up.
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Outcome evaluation of bone (BMD)
The mean BMD was measured every time and the mean percentage changes in BMD from baseline at lumbar spine (L1-4), total hip, femoral neck and trochanter are shown in Table II and Figure 1 . By ANOVA and LSD multiple comparison, BMD increased significantly at lumbar spine (3.93%), total hip (2.81%), femoral neck (2.69%), and trochanter (3.95%) at month 12 compared to baseline (P < 0.05 for all comparisons). Statistically significant increases (P < 0.05) were also seen at month 24 at all sites examined. The percentage increases in lumbar spine, total hip, femoral neck, and trochanter were 5.71%, 3.72%, 3.36%, 4.57%, respectively. Table III shows details of the response changes to the SF-36 questionnaire after 12 and 24 months of treatment. Improvement after the first treatment course (12 months) was significant in the following domains: bodily pain, general health and social function (p < 0.05). There was a significant improvement in the following domains of SF-36 after 24 months of treatment compared to baseline: bodily pain, general health and vitality (p < 0.05). In addition, the once-yearly ZOL 5 mg increased SF-36 physical component summary Table II (PCS) score significantly (P < 0.001) each year. However, changes in emotional component summary (MCS) score between the baseline and months 12 or 24 did not reach statistical significance, although some rising trends were observed. Figure 2 shows the scores for the eight domains of SF-36 before and after treatment.
Outcome evaluation of HRQL (SF-36)
Outcome evaluation of balance (FI)
As another outcome, Fall Index decreased significantly (P < 0.001) during the first treatment course (12 months) and kept decreasing at month 24 (P < 0.001). The percentage decrease was 28.0% and 48.0% at month 12 and month 24 respectively, compared to baseline (Table II and Figure 1 ).
Adverse events
Adverse events (AEs) were assessed, and physical examinations and laboratory tests were obtained for safety evaluation. Eight patients experienced AEs that led to a discontinuation of the study. No subject died during the study period.
The most common AEs observed with ZOL are acute-phase reactions (APRs). The APRs happening in our study were flu-like symptoms (8.1%), fever (17.9%), headache (6.7%), myalgia/arthralgia (12.5%), and nausea/vomiting (5.6%) ( Table 4) .
No hypocalcaemia, inflammatory ocular disorders, osteonecrosis of the jaw, or atrial fibrillation (AF) was observed. No significant abnormalities in the defined haematology or biochemistry parameters were found in this study. Ten (4.6%) patients had renal events, five of which had small and transient increases in serum creatinine level, and in the other five patients urinary protein > 2+ appeared. Five (2.1%) patients had cardiovascular events, four of which were diagnosed as coronary heart disease, and the other one (0.4%) as atrioventricular block. The incidence rate of clinical fracture in 24 months was 7.6%.
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Discussion
Currently, the endpoint in the treatment of osteoporosis is considered to be the prevention of fracture, with an increase of BMD as a surrogate endpoint. A lot of studies have confirmed the benefit of once-yearly ZOL 5 mg. They have demonstrated that ZOL significantly reduces the risk of morphometric vertebral fracture and clinical vertebral fracture, and increases total hip, femoral neck, and trochanter BMD [12, 15, 22, 23] . A few studies have 
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pointed out that the increasing effect of ZOL on bone mineral density would continue with the increasing time of injections [22, 24] . So we supposed that over a two-year period, use of once-yearly ZOL 5 mg, BMD would continue to show improvements.
The results showed that statistically significant increases (P < 0.05) were seen at months 12 and 24 at all sites examined, and the increase percentage at month 24 was higher than month 12. The results of our study are consistent with the previous reported ones.
Many studies have noted that osteoporotic patients have impaired HRQL, especially in the physical aspects, and fracture is an important determinant of HRQL impairment in these patients [25] [26] [27] . One study showed that lower femoral neck BMD was associated with poorer PF [3] . Although the increase of BMD is very important in the treatment of osteoporosis, the measurement of HRQL is indispensable for the evaluation of osteoporotic patients, and the improvement of HRQL is an important additional endpoint to consider the efficacy of osteoporosis treatment. It should be noted that treatment of low BMD in osteoporotic individuals is known to be associated with improved quality of life [27] . However, there is little data directly assessing the effects of bisphosphonate treatment on HRQL in postmenopausal women with osteoporosis. In an analysis of the HORIZON-PFT trial, patients treated with ZOL experienced significantly fewer days of limited activity caused by back pain or fracture compared to those receiving a placebo [28] . And it has been reported that ZOL therapy also reduces the number of bed days due to a fracture [29] . In our study, the hypotheses were that over a two-year period of use of once-yearly ZOL 5 mg, HRQL would be maintained or improved owing to a higher BMD and better balance. This was indeed confirmed in our analysis of the data. After the first treatment course (12 months), BP, GH and SF were significantly improved. And after 24 months of treatment, BP, GH and VT were significantly improved. BP is clinically important in osteoporosis, as it frequently appears as the first symptom of established osteoporosis. So the improvement of BP is particularly important in the treatment of osteoporosis patients. In our study, PCS was significantly increased over two years of treatment (P < 0.001 each year). This provides support for the effect of ZOL on the physical well-being of the patient. With HRQL declining with age, although MCS was only very slightly increased (not significantly) in our study, an improvement or maintenance in MCS still suggests that negative feelings are reduced in patients treated with ZOL.
Figure 2. Mean scores of domains (SF-36®) at different times
Rycina 2. Średnie liczby punktów w poszczególnych domenach kwestionariusza SF-36® w poszczególnych punktach czasowych P-value is from Table III. PF -physical function; RP -role-physical; BP -bodily pain; GH -general health; VT -vitality; SFsocial function; RE -role-emotional; MH -mental health; PCS -physical component summary; MCS -mental component summary
The risk of osteoporotic fracture is mainly determined by BMD. But its relationship with falls is also very close. Some studies have even pointed out that falls may have a more important role in fracture risk [30] , especially in vertebral fracture and hip fracture. Falls are multifactorial, and their intrinsic causes include altered balance, gait, muscle strength, visual acuity, cognition, and the presence of chronic diseases [31] . Almost all hip fractures (more than 90%) occur as the result of a fall. These fractures are related not only to the decreased bone mass, but also to other factors such as reduction of balance and of muscle strength and power in the lower extremities [31] . However, few studies have taken into consideration the relationship between treatment of ZOL and risk of falls. In this study, we used the tetraataxiometric posturography system Tetrax® to evaluate the balance ability, and then predict the fall risk [19] [20] [21] . The lower FI will lead to the lower risk of falls, with less fracture being caused subsequently [19] . The results showed that over two years of annual treatment of zoledronic acid, the risk of falls was reduced.
On the one hand, Silva [32] reported that the risk for falls in women with osteoporosis was twofold higher than those with normal bone mass. As mentioned above, ZOL increases BMD, and thus it could reduce the risk of falls to a certain extent. On the other hand, it is known that osteoporosis can lead to spinal deformities such as thoracic kyphosis due to vertebral compression that alters the structure of the spine, causing weakness of the extensor muscles of the trunk and leading to reduced physical mobility and flexibility [33] . When ZOL increases BMD and improves the bone status, the extensor muscles of the trunk are also improved. Once the patients have a good posture and become more stable, the risk of falls is naturally reduced. In addition, all the patients received daily calcium (1,000-1,500 mg) and vitamin D (400-1,200 IU) during the study. Muscle strength, balance, and functional mobility depend on vitamin D serum levels [34, 35] . Several previous studies have noted that treatment with vitamin D (alfacalcidol or calcitriol) can significantly reduce the risk of falls and of fall-associated fractures [34, 36, 37] . Hua Lin [23, 38] reported that 5 mg zoledronic acid and calcitriol can significantly reduce the risk of falls in patients with postmenopausal osteoporosis. Therefore, vitamin D used in our study also had played an important role via its influence on muscle, bone and neuromuscular transmission or cognition.
Studies with ZOL have generally shown it to be safe and well tolerated with no clear indication of drug-related serious adverse events except the story of AF in the HORIZON PFT [39] . Usually AEs after using once-yearly ZOL 5 mg were clustered into five groups: acute-phase reactions, such as fever, musculoskeletal, gastrointestinal; hypocalcaemia; renal dysfunction; cardiovascular; eye inflammation; and osteonecrosis of the jaw [40] [41] [42] .
The most common AEs observed with ZOL are acute-phase reactions (APRs) [43] , usually characterised by flu-like symptoms, headache, fever, arthralgia, and myalgia. Most of these symptoms occur within the first three days after infusion and tend to be resolved within several days after administration. The risk of an APR may be reduced by the administration of a nonsteroidal anti-inflammatory drug or acetaminophen prior to injection and over the following three days [44] . APRs have been reported in patients on oral as well as i.v. bisphosphonates, and appear to be caused, at least in part, by the release of inflammatory cytokines from circulating T cells. In our study, most APRs were easily managed with a nonsteroidal anti-inflammatory drug or acetaminophen. With the supplement of oral daily elemental calcium (1,000 to 1,500 mg) and vitamin D (800 to 1,200 IU), no one ever had hypocalcaemia during the study. Evaluation of the renal safety of ZOL in
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several studies has shown that administration of ZOL was not associated with any long-term detrimental effects on renal function [45] . Generally, the renal effects were short term, mild, and transient. In our study, only small and transient increases in serum creatinine levels and urinary protein were observed. Over two years, there was neither systematic change in serum creatinine nor deterioration in calculated creatinine clearance. No study has established biological mechanisms that might link bisphosphonate therapy to atrial fibrillation or arrhythmia. An increased risk of serious atrial fibrillation has not been previously associated with zoledronic acid or other bisphosphonates [46] , although a letter in this issue reports a similar, though nonsignificant, trend from the 1997 Fracture Intervention Trial of alendronate [47] . And in the HORIZON-PFT, an increased incidence of serious AF which were uniformly distributed over time was observed in the zoledronic acid group compared to the placebo group [39] . However, larger epidemiological studies have found no increased risk of AF in patients receiving bisphosphonate treatment. No atrial fibrillation was observed in this study. There was a small increase in the risk of inflammatory ocular adverse events within the first 15 days after ZOL infusion, as reported previously [39] . In HORIZON-RFT, only one case of iritis was reported in the ZOL group [48] . All such events were treated and resolved with outpatient treatment. However, no spontaneous report of eye inflammation was observed in this study. Most cases of osteonecrosis of the jaw have been observed in patients with cancer who were treated with frequent doses of intravenous bisphosphonates [12, 49] . In addition, many studies suggest that, to women with postmenopausal osteoporosis, a once-yearly regimen with intravenous zoledronic acid does not appear to affect the frequency of osteonecrosis of the jaw [12] , as our study showed.
So we concluded that ZOL 5 mg treatment was generally safe and well tolerated.
Several limitations to this study design should be noted. The first is the small number of subjects and the short study duration. Secondly, as noted earlier in the text, a control group (placebo) was not included because it was thought to be unethical to deny active treatment to patients with osteoporosis. Thirdly, biochemical bone turnover markers were not measured like other studies. Furthermore, we didn't try to find the relationships among the changes of BMD, FI and SF-36 score, and further studies are required. Finally, as many studies show, previous fractures have an impact on HRQL, and HRQL will decrease with each subsequent fracture [25, 26] . Some patients in our study had previous fractures, but we didn't have these patients divided into two groups (fracture or no). Further studies are required in which patients would be divided into a fracture group and a non-fracture group to see the treatment outcome respectively. However, it is important to note that in this clinical trial, 92.3% of patients received both of two infusions over two years, demonstrating a very high compliance with therapy.
Conclusions
A once-yearly infusion of zoledronic acid during a two-year period was associated with a significant and sustained increase in the BMD (lumbar spine, total hip, femoral neck, and trochanter) and an improvement in HRQL, especially in the physical aspects. And with the supplement of oral daily elemental calcium and vitamin D, a better balance ability was obtained after the treatment course. In addition, the treatment had a favourable safety profile and was generally well tolerated.
Given the relatively poor adherence to oral bisphosphonate therapy in clinical practice, an annual infusion of zoledronic acid may provide a promising approach to treating osteoporosis and reducing the risk of osteoporotic fracture.
